Abstract: In the framework of a multisource thermal model, we describe experimental results of the transverse momentum spectra of final-state light flavour particles produced in gold-gold (Au-Au), copper-copper (Cu-Cu), lead-lead (Pb-Pb), proton-lead (p-Pb), and proton-proton (p-p) collisions at various energies, measured by the PHENIX, STAR, ALICE, and CMS Collaborations, by using the Tsallisstandard (Tsallis form of Fermi-Dirac or Bose-Einstein), Tsallis, and two-or three-component standard distributions which can be in fact regarded as different types of "thermometers" or "thermometric scales" and "speedometers". A central parameter in the three distributions is the effective temperature which contains information on the kinetic freeze-out temperature of the emitting source and reflects the effects of random thermal motion of particles as well as collective expansion of the source. To disentangle both effects, we extract the kinetic freeze-out temperature from the intercept of the effective temperature (T ) curve as a function of particle's rest mass (m 0 ) when plotting T versus m 0 , and the mean transverse flow velocity from the slope of the mean transverse momentum ( p T ) curve as a function of mean moving mass (m) when plotting p T versus m.
Introduction
Comparing with fixed target experiments, the Relativistic Heavy Ion Collider (RHIC) in the USA and the Large Hadron Collider (LHC) in Switzerland attract more studies due to their exhibitions on the evolution process of interacting system in collisions at higher energies. The experiments at RHIC and LHC are more complex and difficult for some limited conditions, which render very limited measurable quantities. It is expected that more interacting information can be extracted from these limited measurable quantities. For example, by analyzing the transverse momentum spectra of final-state particles, one can obtain the kinetic freeze-out temperature of interacting systems (emission sources) and the transverse flow velocity of produced particles. These two quantities reflect the excited degree of emission sources and hydrodynamic expansion picture of interacting systems at the stage of kinetic freeze-out, when hadrons are no longer interactive and their momenta do not change [1] .
In high energy collisions, one can use different distribution laws to describe the transverse momentum spectra of final-state particles. In the framework of a multisource thermal or statistical model, we can use the standard (Boltzmann, Fermi-Dirac, or Bose-Einstein) distribution [2] , the multi-component standard distribution, the Tsallis distribution (statistics), the Tsallis-standard (Tsallis forms of the standard) distribution [3] , the Erlang distribution, the multi-component Erlang distribution [4] , the Lévy distribution [5, 6] , the blast-wave function [7] , the power law, and so forth, to describe the particle transverse momentum spectrum contributed by a given emission source. From the distributions mentioned above, one can directly extract the effective temperature, which is actually not the real temperature (kinetic freeze-out temperature) of the emission source. The real temperature of the emission source should reflect purely thermal motion of particles in the source, while the effective temperature extracted from the transverse momentum spectrum includes both thermal motion and flow effect of particles, and is greater than the f T-S (p T ) = 1 N dN dp T = C T-S0 p T (1) where C T-S0 is the normalization constant gV /(2π) 2 which results from ∞ 0 f T-S (p T )dp T = 1; g, V , N , µ, and m 0 are degeneracy factor, volume, particle number, chemical potential, and particle's rest mass, respectively; y min is the minimum rapidity and y max is the maximum rapidity; The + and − in the ± sign are for p 2 T + m 2 0 cosh y > µ and p 2 T + m 2 0 cosh y ≤ µ, respectively; S has values 0, +1, and −1, which denote the Boltzmann, Fermi-Dirac, and Bose-Einstein distributions, respectively; T T-S is the effective temperature of emission sources and q T-S is the entropy index or nonequilibrium degree factor.
In the calculation, since the effect of chemical potential can be ignored (i.e. µ = 0) in collisions at RHIC and LHC energies, we have p 2 T + m 2 0 cosh y > µ and take + in the ± sign. The final Tsallisstandard p T distribution is given by (2) Further, considering S = 0 and the power index q T-S /(q T-S − 1) and other limitations, the Tsallis transverse momentum distribution is obtained and can be written as [20] f T (p T ) = 1 N dN dp T = C T0 p T p 2 T + m 2 0 ymax ymin cosh y 1 + q T − 1 T T p 2 T + m 2 0 cosh y
where C T0 is the normalization constant which gives ∞ 0 f T (p T )dp T = 1, T T is the effective temperature, and q T is the entropy index or nonequilibrium degree factor. Sometimes the upper index q T /(q T − 1) is replaced by 1/(q T − 1) due to q T being very close to 1 and application of mean field approximation. The latter obtains a smaller q T .
Particularly, in the present work, we also use the two-or three-component standard distribution, which is different from the distributions introduced above. The standard Boltzmann, Fermi-Dirac, and Bose-Einstein distributions for the ith component (group) can be uniformly shown as f i (p T ) = 1 N dN dp T = C i0 p T p 2 T + m 2 0 ymax ymin cosh y exp p 2 T + m 2 0 cosh y
where C i0 is the normalization constant which gives ∞ 0 f i (p T )dp T = 1 and T i is the effective temperature for the ith component. In final state, the p T spectrum is contributed by the l components of the distribution; that is
where k i is the relative weight contributed by the ith component. This is the multi-component standard distribution. Considering the relative contribution of each component, we have the mean effective temperature to be
where T S reflects the mean excitation degree for different components and can be used to describe the effective temperature of emission source. We would like to point out that Eq. (6) is not a simple additive treatment for different temperatures, but an average weighted by different k i , where
It is expected that we can obtain the relation between the effective temperature T (T T-S , T T , or T S ) and the particle's rest mass m 0 . A linear fitting can obtain the intercept T 0 (T T-S0 , T T0 , or T S0 ) in linear relation T − m 0 . As the temperature corresponds to massless (m 0 = 0) particle, T 0 is regarded as the source real temperature, or the kinetic freeze-out temperature of interacting system. According to refs. [11, [27] [28] [29] [30] , we have the relation between T and T 0 ,
According to refs. [27, 28] , the slope a can be given by v 2 0 /2 and v 0 is the (average and transverse) radial flow velocity which is valid for low p T only. Considering different distribution laws, v 0 can be v T-S0 , v T0 , or v S0 , and T 0 can be T T-S0 , T T0 , or T S0 , corresponding to Tsallis-standard, Tsallis, or standard distribution, respectively. In the above discussions, different distribution laws are in fact regarded as different types of "thermometers" or "thermometric scale" and "speedometers".
Since a = v 2 0 /2 in Eq. (7) is only valid for low p T region [27, 28] , whereas the effective temperature is extracted in the present work for fits in p T range which goes beyond 2 GeV/c, we give up to extract radial flow v 0 from the slope a in Eq. (7) . Although other works [11, 29, 30 ] also regard the intercept T 0 in Eq. (7) as the kinetic freeze-out temperature, different relations between radial flow velocity v 0 and slope a are used, and in some cases the relation is undetermined. In view of uncertain relations between radial flow velocity and slope in wide p T range, we give up to extract radial flow velocity from the slope, and extract only the kinetic freeze-out temperature from T 0 in Eq. (7).
We need an alternative method to extract mean (transverse) flow velocity. In our very recent work [31] , the linear relations between T and m 0 [Eq. (7)], mean transverse momentum p T and m 0 , mean momentum p and m 0 , T and mean moving mass m, p T and m, as well as p and m are studied. From the analyses on dimension and quantity, we regard the intercept in T − m 0 relation [Eq. (7) ] as the kinetic freeze-out temperature and the slope in p T − m (or p − m) relation as the mean transverse flow velocity u T (or mean flow velocity u ). Particularly, for p T − m and p − m relations, we have
and 
e) p, and (f)p produced in Au-Au collisions with different centrality bins at √ s N N = 0.2 TeV. The data are measured by the PHENIX Collaboration at midrapidity [11] and are scaled vertically as quoted in the figure. The dotted, dashed, and solid curves are our results calculated by using the Tsallis-standard, Tsallis, and two-component standard distributions, respectively. where p T 0 and p 0 denote the mean transverse momentum and mean momentum of massless particle, respectively. We would like to point out that, in the case of describing meanwhile the same experimental data, the three distributions result in nearly the same p T (or p ), the same p T − m (or p − m) relation, and the same u T (or u ).
From the above analyses, we see that the linear relations between T and m 0 , p T and m, as well as p and m [Eqs. (7)- (9)] can be respectively obtained from the same set of parameter values which are extracted from the same set of experimental data. This means that the extraction processes of T 0 , u T , and u are independent, though their values are entangled due to the same set of parameters. In particular, v 0 and the slope in Eq. (7) are related to (transverse) flow velocity. However, there is no obvious and exact relation between them [11, [27] [28] [29] [30] . Anyhow, we think that the intercept in Eq. (7), the slope in Eq. (8) , and the slope in Eq. (9) can provide a set of alternative methods to extract the kinetic freeze-out temperature, transverse flow velocity, and flow velocity, respectively [31] . Thus, we can use this set of alternative methods in the present work to extract separately the kinetic freeze-out temperature and transverse flow velocity according to transverse momentum spectra. This set of alternative methods is also used to judge different kinetic freeze-out scenarios in our another recent work [32] in which an evidence of mass-dependent differential kinetic freeze-out scenario is observed, while the single and double kinetic freeze-out scenarios are eliminated.
3 Results and discussion Figure 1 presents the centrality dependence of p T spectra for (a) π [12] . The dotted, dashed, and solid curves are our results calculated by using the Tsallis-standard, Tsallis, and two-or three-component standard distributions, respectively.
(e) p, and (f)p produced in Au-Au collisions at center-of-mass energy √ s N N = 0.2 TeV. The data measured by the PHENIX Collaboration at midrapidity [11] are represented by different symbols which correspond to different centrality (C) bins from 0-5% to 80-92% scaled by different amounts as shown in the panels for clarity. The error bars are statistical only. The dotted, dashed, and solid curves are our results calculated by using the Tsallis-standard, Tsallis, and two-component standard distributions, respectively. The values of free parameters (T T-S , q T-S , T T , and q T ), normalization constants (N T-S0 and N T0 ) for comparisons between curves and data, and χ 2 per degree of freedom (χ 2 /dof) for Tsallisstandard and Tsallis distributions are given in Table 1 . The values of free parameters (T 1 , k 1 , and T 2 ), mean effective temperature (T S ), normalization constant (N S0 ) for comparisons between curves and data, and χ 2 /dof for two-component standard distribution are listed in Table 2 . One can see that all three types of distribution laws are consistent with the experimental data. The effective temperatures T T-S , T T , and T S increase with the increase of centrality or particle mass, and T T-S ≤ T T < T S for a given set of data. We would like to point out that the increase of centrality and the decrease of centrality percentage have the same meaning. Figure 2 shows p T spectra of (a) K [12] . For clarity, the results for different C intervals are scaled by different amounts shown in the panels. The uncertainties on the data points include both statistical and systematic errors. The dotted, dashed, and solid curves are our results based on the Tsallis-standard, Tsallis, and two-or three-component standard transverse momentum distributions, respectively. The values of free parameters (T T-S , q T-S , T T , q T , T 1 , k 1 , T 2 , k 2 , and T 3 ), T S , normalization constants (N T-S0 , N T0 , and N S0 ), and χ 2 /dof are displayed in Tables 1 and  2 . Obviously, the experimental data can be described by the three types of fit functions for p T in all centrality bins. The effective temperatures T T-S , T T , and T S increase with the increase of centrality or particle mass, and T T-S ≤ T T < T S for a given set of data.
The p T spectra of (a) π + , (b) K + , (c) p, and (d) φ produced in central (0-5%), semi-central (50-60%), and peripheral (80-90%) Pb-Pb collisions at √ s N N = 2.76 TeV are displayed in Fig. 3 , where N ev denotes the number of events. The data points are measured by the ALICE Collaboration at midrapidity (|y| < 0.5) [13, 14] . The error bars combined both statistical and systematic uncertainties. The fitting The symbols represent the experimental data measured by the ALICE Collaboration at mid-rapidity (|y| < 0.5) [13, 14] . The fitting results with three types of distributions are plotted by the curves. results with Tsallis-standard, Tsallis, and two-or three-component standard distributions are plotted by the dotted, dashed, and solid curves, respectively. The values of free parameters, T S , normalization constants, and χ 2 /dof are shown in Tables 1 and 2 . These fitting functions describe the experimental data. Once again, the effective temperatures T T-S , T T , and T S increase with increase of centrality or particle mass, and T T-S ≤ T T < T S for a given set of data. Figure 4 exhibits p T spectra of (a)
S produced in pPb collisions in different centrality classes (0-5%, 40-60%, and 80-100%) at √ s N N = 5.02 TeV. The experimental data represented by different symbols are performed by the ALICE Collaboration in the rapidity interval 0 < y < 0.5 [15] . The statistical and systematic uncertainties are combined in the error bars. Our results from the analyses of the Tsallis-standard, Tsallis, and two-or three-component standard distributions are exhibited by the dotted, dashed, and solid curves, respectively. The values of free parameters, T S , normalization constants, and χ 2 /dof are summarized in Tables 1 and 2 . As can be seen, the fitting results are in agreement with the experimental data. The effective temperatures T T-S , T T , and T S increase with the increase of centrality or particle mass, and T T-S ≤ T T < T S for a given set of data. Figure 5 gives p T spectra of various identified hadrons produced in p-p collisions at different energies, where N inel denotes the number of inelastic events. The symbols in Figs. 5(a), 5(c), and 5(d) represent the experimental data for π + , K + , and p measured by the CMS Collaboration [19] in the range |y| < 1 at √ s = 0.9, 2.76, and 7 TeV, respectively. The data points of the ALICE Collaboration measured in |y| < 0.8 at √ s = 0.9 TeV for Λ, φ, and Ξ − +Ξ + [16] , in |y| < 0.5 at √ s = 7 TeV for Ξ and Ω [17] , and in |y| < 0.5 at √ s = 7 TeV for π ± , K ± , and p+p [18] are shown in Figs Tables 1 and 2 . The lines represent linear fits to the results from each centrality bin as a function of mass using Eq. (7).
5(f), respectively. The uncertainties corresponding to combined statistics and systematics are shown as error bars. The fitting results (dotted, dashed, and solid curves) using mentioned functional forms (Tsallis-standard, Tsallis, and two-or three-component standard distributions) are superimposed. The values of free parameters, T S , normalization constants, and χ 2 /dof are exhibited in Tables 1 and 2 . Once more, the Tsallis-standard, Tsallis, and two-or three-component standard distributions can describe the experimental data of the considered particles. The effective temperatures T T-S , T T , and T S increase with the increase of particle mass, and T T-S ≤ T T < T S for a given set of data.
To see clearly the dependences of effective temperatures T T-S , T T , and T S on centrality and particle mass, the related values listed in Tables 1 and 2 9 shows the dependences of effective temperatures on particle mass for p-p collisions at the LHC energies. Different symbols correspond to different effective temperatures which are listed in Tables 1 and 2 Tables  1 and 2 can be clearly seen from Figs. 6-9.
In Figs. 6-9, the lines are worthwhile for further investigation. In fact, according to Eq. (7), the intercepts at m 0 = 0 are real temperatures (kinetic freeze-out temperatures) T T-S0 , T T0 , and T S0 , which are extracted from Tsallis-standard, Tsallis, and two-or three-component standard distributions, respectively. We show the dependences of kinetic freeze-out temperatures on centrality C and energy √ s N N in Fig. 10 for different sizes of collisions, where the related values for p-p collisions are compared with central (0-5%) nucleus-nucleus collisions. In most cases, T T-S0 ≤ T T0 < T S0 . The kinetic freeze-out temperatures decrease slightly with the decrease of centrality (or with increase of centrality percentage), and do not show an obvious change with energy and size for the central, semi-central, and peripheral collisions. In the considered energy range from 0.2 to 7 TeV, the mean kinetic freeze-out temperatures ( ... ) extracted from different distribution laws for the mentioned three centralities are marked in the panels by the specific values and dashed lines. We see that T T-S0 ≤ T T0 < T S0 , and T 0 central > T 0 semi-central ≥ T 0 peripheral . The independences of kinetic freeze-out temperatures on energy and size render that different interacting systems at the stage of kinetic freeze-out reached the same excitation degree of hadronic matter in the considered energy range.
We noticed that the value of kinetic freeze-out temperature T S0 [(156 ± 6) MeV] in central collisions [ Fig. 10(b) ] is less than that of chemical freeze-out temperature (170 MeV) used in some theoretical estimations for the critical point of QCD (quantum chromodynamics) [33] [34] [35] . Our result is also less than that of kinetic freeze-out temperature (177 MeV) extracted from an exponential shape of transverse mass spectrum [11] , and equal to that of chemical freeze-out temperature (156 MeV) extracted from particle ratios in a thermal and statistical model [36] . The latter item means that the kinetic freeze-out temperature obtained in the present work is greater than that obtained from the thermal and statistical model [36] , or the kinetic and chemical freeze-outs had happened at almost the same time. We are inclined to the latter. These results are not exactly consistent with each other even if we consider the kinetic freeze-out temperature being less than the chemical freeze-out temperature. It is undoubted that more analyses are needed in the future.
To extract the transverse flow velocity, we analyze p T − m relations in Fig. 11 , where the related parameters listed in Tables 1 and 2 [7, 37, 38] , while the value of u T [(0.403 ± 0.079)c] for peripheral collisions obtained in the present work is far from the radial flow velocity (≈ 0) [37] of the blast-wave model [7, 37, 38] . In fact, u T contains isotropic radial flow and anisotropic collective flow (directed flow and others). In central collisions, the effect of anisotropic collective flow is small [39] , u T contains mainly the isotropic radial flow. In peripheral collisions, the isotropic radial flow is nearly zero [37] , u T contains mainly the anisotropic collective flow [39] . According to Fig. 12(b) , u T in central collisions (which contains mainly the isotropic radial flow) is greater than that in peripheral collisions (which contains mainly the anisotropic collective flow).
Because of u T containing the isotropic radial flow and anisotropic collective flow together, it is different from the original blast-wave model [7, 37, 38] in which only the isotropic radial flow is contained. Our explanation on flow components is comparable with the improved blast-wave model [40, 41, 42] in which the third parameter is introduced to describe the anisotropic transverse flow generated in noncentral collisions [40] and the fourth parameter is introduced to take into account the anisotropic shape of the source in coordinate space [41] . Although the dependence of elliptic flow on transverse momentum is described, the velocity of anisotropic transverse flow is not available in the improved blast-wave model [40, 41, 42] . As an indirect measurement of model independence, the present work is hoped to cause a further discussion on the flow velocity.
The kinetic freeze-out temperature and transverse flow velocity are extracted from the transverse momentum spectra, though the methodology used in the present work is different from that of the blastwave model with the Boltzmann-Gibbs distribution or the Tsallis statistics [7, 37, 38] , or the quark recombination model with the Cooper-Frye formula and flow [43] . In the latter two models, the kinetic freeze-out temperature and radial flow velocity can be obtained from certain formula description. In the present work, we obtain the effective temperature from the formula of transverse momentum distribution, and kinetic freeze-out temperature from the intercept in linear T − m 0 relation [Eq. (7)] [11, 27, [29] [30] [31] [32] and the transverse flow velocity from the slope in linear p T − m relation [Eq. (8)] [32] . The method used in the present work needs two steps to obtain the kinetic freeze-out temperature and transverse flow velocity, though the process of calculation is simple.
Although the topic discussed by us was intensively discussed in the literature and similar fitting and discussion were carried out in the literature many times, we have used an alternative methodology [11, 27, [29] [30] [31] [32] to extract the kinetic freeze-out temperature and transverse flow velocity, and the analysis is more extensive than anything done before. This methodology is different from that of the original blast-wave model [7, 37, 38] or the quark recombination model [43] . In addition, differing from the original blastwave model which studies the kinetic freeze-out temperature and isotropic radial flow, the present work focuses on the kinetic freeze-out temperature and transverse flow which contains together the isotropic radial flow and anisotropic collective flow.
We would like to emphasize that our recent work [31] investigated particularly the methodology based on the analyses of transverse momentum spectra, in which the linear relations between T and m 0 , p T and m 0 , p and m 0 , T and m, p T and m, as well as p and m are studied. At the same time, the relations among some intercepts and slopes are studied. The present work focuses on an application of the above methodology. Different kinetic freeze-out temperatures are obtained due to different types of "thermometers" or "thermometric scales" and the same transverse flow velocity is obtained due to the same transverse momentum spectrum. Our descriptions on different "thermometers" or "thermometric scales" can be compared with those in thermodynamics. In addition, the other difference is that in our recent work [31] , the Tsallis distribution and a one-or two-component Erlang distribution is used, while in the present work, the Tsallis-standard, Tsallis, and two-or three-component standard distributions are used. The differences in the description of particle spectra with the three different distributions are marginal and only visible in a few cases at high momentum. This is also reflected in the similar values of the χ 2 /dof as listed in Tables 1 and 2 of the present work. In our opinion, among different types of "thermometers" or "thermometric scales", the standard distribution and its multi-component distribution can be used to extract the standard temperature which is closest to the thermodynamic temperature in thermal physics. The other "thermometers" can be regarded as non-standard "thermometers" which can be corrected if necessary.
Conclusions
We summarize here our main observations and conclusions. (a) The transverse momentum spectra of final-state light flavour particles (π ± , K ± , K 0 S , p,p, φ, Λ, Λ, Ξ, and Ω, etc.), produced in Au-Au, Cu-Cu, Pb-Pb, p-Pb, and p-p collisions over an energy range from 0.2 to 7 TeV, are described by the Tsallis-standard, Tsallis, and two-or three-component standard distributions which are used in the multisource thermal model as different types of "thermometers" or "thermometric scales" and "speedometers". The characteristic of multiple temperatures in multicomponent standard distribution can be described by the Tsallis-standard and Tsallis distributions. The calculated results are in agreement with the experimental data recorded by the PHENIX, STAR, ALICE, and CMS Collaborations. Based on the three types of "thermometers" or "thermometric scales" and "speedometers", the effective temperatures (T T-S , T T , and T S ) and kinetic freeze-out temperatures (T T-S0 , T T0 , and T S0 ) of interacting system at the stage of kinetic freeze-out, and the mean transverse flow velocity of final-state particles are successively extracted from the transverse momentum spectra.
(b) In the extraction of the kinetic freeze-out temperature and transverse flow velocity from the transverse momentum spectra, the methodology used in the present work is different from that of the original blast-wave model with the Boltzmann-Gibbs distribution or the Tsallis statistics, or the quark recombination model with the Cooper-Frye formula and flow. The effect of transverse flow is not directly considered in formulas describing the transverse momentum spectra. Instead, we obtain the effective temperature from the formulas, the kinetic freeze-out temperature from the intercept by plotting the effective temperature versus the particle's rest mass, and the transverse flow velocity from the slope by plotting the mean transverse momentum versus the mean moving mass. Our treatment disentangles naturally the random thermal motion of particles and collective expansion of sources.
(c) The present work shows that the effective temperatures T T-S , T T , and T S increase with the increase of centrality or particle's rest mass, and satisfy the relationship T T-S ≤ T T < T S for a given set of data. In most cases, we have T T-S0 ≤ T T0 < T S0 . The kinetic freeze-out temperatures decrease slightly with the decrease of centrality, and do not show an obvious change with energy and size for the central, semi-central, and peripheral collisions. The mean kinetic freeze-out temperatures derived from the three types of "thermometers" show T T-S0 ≤ T T0 < T S0 , and T 0 central > T 0 semi-central ≥ T 0 peripheral . The independences of kinetic freeze-out temperatures on energy and size reveal that different interacting systems at the stage of kinetic freeze-out reached the same excitation degree of hadronic matter in the considered energy range. Generally, the effective temperature is greater than kinetic freeze-out temperature, since the former containing both the thermal motion and flow effect while the latter containing only the thermal motion.
(d) The present work also shows that the central collisions have a higher kinetic freeze-out temperature than that of peripheral collisions. This is consistent with those of the chemical freeze-out temperature and effective temperature. Based on the three temperatures we conclude that the excitation degree of central collisions is higher than that of peripheral collisions at both the chemical and kinetic freeze-out stages. In addition, at the stage of kinetic freeze-out, the transverse flow velocity in central collisions is larger than that in peripheral collisions, indicating a larger squeeze and expansion in central collisions which also show a higher temperature and excitation degree. Thus, the kinetic freeze-out temperatures, which describe the random thermal motions of particles, and the transverse flow velocities, which describe the collective expansions of sources, paint a consistent picture.
(e) The present work is an application of our recent work [31] in which an alternative method is investigated to extract separately the kinetic freeze-out temperature and flow velocity. If we regard the standard distribution and its multi-component distribution as the most exact and standard "thermometer" due to they being closest to the thermodynamic temperature in thermal physics, we obtain a kinetic freeze-out temperature [(156 ± 6) MeV in central collisions] which is equal to the chemical freeze-out temperature extracted from particle ratios [36] . This indicates that the two freeze-outs had happened at almost the same time even at the RHIC and LHC energies. We would like to treat other two "thermometers" used in the present work as non-standard "thermometers", which can be corrected if necessary. Another application [32] of our alternative method shows an evidence of mass-dependent differential kinetic freeze-out scenario, while the single and double kinetic freeze-out scenarios are eliminated.
(f) In central collisions, the transverse flow mainly contains the isotropic radial flow, since the effect of anisotropic collective flow is small and can be neglected in the extraction of transverse flow which contains mainly the isotropic radial flow. In contrast, the transverse flow of peripheral collisions includes mainly the anisotropic collective flow, since the radial flow is nearly zero. In this work, the transverse flow contains both the isotropic radial flow and anisotropic collective flow, which outperforms the original blast-wave model since it only includes the radial flow. We also found that the radial flow in central collisions is greater than anisotropic collective flow in peripheral collisions. T1  k1  T2  k2  T3  TS  NS0  χ 
